ABSTRACT
INTRODUCTION
The word "health" is derived from the Old English word "hoelth", which meant a state of being sound and was generally used to infer a soundness of the body [1] . The most commonly cited definition of health is one accepted by the World Health Organization (WHO): health is a state of complete physical, mental and social well being and not merely the absence of disease or infirmity (International Health Conference, 1946) . To date, however, this definition has been criticized for being utopian, inflexible and unrealistic [2] . Saracci [3] also criticized it, concluding that the state of health the WHO formalized corresponds much more closely to happiness than to health. Bircher [4] asserted that the unlimited, idealistic aspect of the WHO definition does not provide an operational definition relevant to the health care system. Instead, he redefined health as being a dynamic state of well being characterized by a physical, mental and social potential, which satisfies the demands of a life commensurate with age, culture, and personal responsibility. If the potential is insufficient to satisfy these demands, the state is disease. Nevertheless, these authors highly appreciated that the WHO definition represented a major advance by widening health to the mental and social dimensions [3, 4] . These three components of health are now commonly embraced worldwide.
A number of previous studies have investigated the relationship between mortality and/or survival among elderly individuals and physical health [5] [6] [7] , mental health [8, 9] and social health [10, 11] . As such, each of the aforementioned three aspects of health has been well examined and found to associate with various other health outcomes. However, there have been few detailed studies that objectively and systematically assessed overall health across these three aspects. It is acknowledged that we should recognize chronological relationships between the three health aspects in order to comprehend the quality of life and overall health of the elderly across time. Thus, via structural equation modeling methods using longitudinal data from elderly Japanese individuals, we investigated causal relationships among these three primary health factors.
METHODS

Study Setting and Subjects
This prospective cohort study was initiated in September 2001 and implemented a questionnaire survey for elderly individuals aged 65 years and over who were home-dwellers in urban areas in the suburb of metropolitan Tokyo, Japan. The study setting had a population of approximately 140,000 as of 2001 with 9.6% of the individuals aged 65 years and older among the total population. This percentage of elderly individuals was smaller compared to the national average of 17.3% in 2000. Of 16,462 eligible people, we obtained responses from 13,195 elderly individuals. They returned by mail the self-administered questionnaire attached with a written informed consent form that expressed their intention to participate in the study. In September 2004, the second set of questionnaires with the same contents as the 2001 survey were mailed to the subjects who responded to the 2001 survey. A total of 8558 subjects answered, whereas 505 had moved, 914 had died and 3218 did not respond. We followed up all of the participants until August 31, 2007 , and ultimately collected individual data, deceased or living, for a total of 8162 subjects through the municipal residents registry.
Measurement Variables
To estimate a chronological relationship among the three latent factors of physical, mental and social health, we defined the factors using observed variables obtained in the 2001 survey via an exploratory factor analysis. This was performed to fit the observed variables to the corresponding latent factors with maximum likelihood in a Promax oblique rotation using IBM SPSS Statistics 20 for Windows (IBM Inc., New York, USA). As Table 1 shows, all of the observed variables were categorized into three factors.
Factor 1 was labeled a "mental health-related factor" and consisted of three variables including self-rated health, self-rated health compared to the previous year and life satisfaction. Self-rated health was assessed on a four-point Likert scale to determine perceived overall health with the question: "In general, how would you say your health is?" The answer was selected from the following options: very poor, poor, fair and excellent [12, 13] . The score ranged from 1 to 4 in the same respective order, such that higher scores indicated a greater perceived health. If not known, subjects received a score of zero. Self-rated health compared to the previous year was determined on a three-point Likert-scale using the following question: "How is your current health compared to your health last year?" The respondents chose one answer among the following: poorer, may or may not be better and better. The score ranged from 1 to 3 in the same respective order and if no answer was given, respondents received a score of zero. We measured life satisfaction by inquiring: "Are you satisfied in your current daily life?" The respondents answered from: not satisfied, may or may not be satisfied and satisfied, and respondents scored from 1 to 3 in this order with a score of zero being assigned in the case of no answer. Factor 2 was identified as a "physical health-related factor" and was measured by three variables: instrumental activities of daily living (IADL), basic activities of daily living (BADL) and the number of comorbidities. The IADL score was assessed using the following five questions based on activity competence: "Can you buy daily necessities by yourself?"; "Can you cook daily meals by yourself?"; "Can you deposit and withdraw money at your bank?"; "Can you fill out a document related to insurance or a pension?"; "Can you read books and newspapers?" [14] . If they could perform these functions, they obtained one point, and otherwise no points. Total scores ranged from 0 to 5 with a higher score indicating better instrumental activity. The BADL score was estimated through the following three questions: "Can you go to the bathroom by yourself?"; "Can you take a bath by yourself?"; "Can you take a walk outside?" [15, 16] . As the BADL was scored in the same fashion as the IADL, scores ranged from 0 to 3 with a higher score indicating a greater level of basic activity competence. The number of comorbidities was determined by asking the subjects to "Choose the diagnosed diseases for which you are currently treated". We identified four diseases, including cerebrovascular disease, cardiovascular disease, hepatic disease and diabetes mellitus, which had a statistically significant and negative association with the number of survival days of the subjects between September 2004 and August 2007 [17] . We then defined the extent of comorbidity as the number of diseases with which the subjects were diagnosed among the four diseases. We categorized the number of comorbidities into the physical factor in accordance with our previous study [18] despite the poor fit according to the results of our factor analysis ( Table 1) .
Factor 3 was termed a "social health-related factor" and included the observed variables of communication with neighborhood, hobby-related activities and frequency of going out. Communication with the neighborhood was assessed by the following question: "How often do you communicate with your friends or neighborhood?" The choices were: seldom, once per month, 3 to 4 times a week and almost everyday. The scores ranged from 1 to 4 in the same respective order and zero if the answer was not known. Hobby-related activities were determined by inquiring "Do you participate in hobby-related activities?" with a binary answer format: yes or no. One point was given to individuals with no hobbies, two points for individuals with hobbies, and zero points for subjects providing no answer. The frequency of going out was measured by the question "How often do you go outside, including around your neighborhood?" The following answers were given: less than once per month; more than once per month; more than 3 to 4 times a week. Scores obtained ranged from 1 to 3 in the same respective order. When the answer was not known, subjects received a score of zero.
We obtained the subjects' socio-demographic information including age, gender, educational attainment and annual income. Educational levels were categorized into four groups: graduation from junior high school, graduation from high school, those achieving a higher educational level than college and those who did not want to respond. Annual income in 2001 was assessed according to four categories: less than one million Japanese yen (equivalent to less than US $13,000), less than three million yen, less than seven million yen and more than seven million yen. We also examined the subjects' degree of required long-term care in 2001. The degree was measured using a public assessment tool devised by the Japanese Ministry of Health, Labor and Welfare [19] . The tool categorizes elderly health conditions into six levels ranging from the mildest degree (requiring slight support) to the most severe degree (requiring comprehensive care).
Statistical Analyses
The subjects aged 85 years and older and requiring more than the middle degree of long-term care in the 2001 survey were excluded from the analysis due to a large deviation in their individual measurement variables. In the analyses, we divided all data into two groups across both genders: an early-elderly age group aged between 65 and 74 years (termed an early-elderly group), and a late-elderly age group aged between 75 and 84 years (termed a late-elderly group).
A structural equation modeling (SEM) method was used to analyze the underlying chronological relationships between the three health-related latent factors by Amos ver.19 for Windows (IBM Inc.) . In order to analyze causal relationships, we introduced a cross-lagged effect model as well as a synchronous model [20] . If an earlier level of a predictor variable is associated with a later variable, we have evidence to infer that the predictor variable exerts a causal influence on the criterion. Therefore, we hypothesized that each of the health-related factors mea- Estimation of the best-fitting model was performed by a maximum likelihood method using the SEM. The optimization algorithm was implemented with missing data. Standardized effects among different latent factors were calculated by gender and age group. Goodness-of-fit of the models was assessed by Chi-square, Normed Fit Index (NFI), Comparative Fit Index (CFI) and Root Mean Square Error of Approximation (RMSEA). Values of RMSEA less than 0.05 imply a goodness-of-fit, while in the other indices values greater than 0.80 represent a good fit. Results were regarded as statistically significant if the p value was less than 0.05.
Ethical Approval
All subjects provided written informed consent by mail via the returned questionnaire. We agreed with the municipal administration bureau of the study site on the confidentiality of the subjects' personal data. The present study protocol was also approved by the ethical committee of Tokyo Metropolitan University.
RESULTS
In the final analyses, a total of 7,683 subjects (male: 3671, female: 4012) were included. Table 2 indicates the socio-demographics of the subjects by gender and age group. A majority of the subjects were assigned as requiring no degree of long-term care. Gender (male) and age (younger subjects) were associated with greater educational attainment and higher income. Compared to the previous year, perceived health selfratings of being "better" decreased and of being "poorer" increased from 2001 to 2004 in both genders. In particular, the proportion of being "better" among both male age groups decreased from 2001 to 2004 more so than in females. Life satisfaction dropped during the survey period among all groups. IADL and BADL (representing physical factors) likely shifted from higher active levels to lower levels between 2001 and 2004 in both gender groups. The number of comorbidities was higher in the late-elderly age group versus the early-elderly group in both genders. Compared to females, males were more likely to have less communication with their neighborhood. More than half of the male subjects reported limited communication with their neighbors. Both genders displayed an increase in participating in hobby-related activities during the survey period, but these cannot be directly compared due to the fact that the 2004 survey did not include a choice of responding "I do not know". The incidence of going out more than 3 to 4 times a week dropped from 2001 to 2004 among all age and gender groups.
OPEN ACCESS
From the results of SEM analyses, Figures 1 and 2 represent the final example models of the cross-lagged effect for the early-elderly male group and the synchronous effect for the late-elderly female group, respectively. The cross-lagged effect models for all gender and age groups indicated significant correlations between corresponding factors at the 2001 and 2004 survey (data not shown). The synchronous effect model also demonstrated that the three health-related factors in the 2001 survey significantly predicted the identical corresponding latent factors in the 2004 survey with high standard effect coefficients between these time points (data not shown). Table 5 shows the findings of the cross-lagged effect relationships between the three health-related factors, including significant chronological relationships with standard effect coefficients greater than 0.3. In all of the groups except the early-elderly females, we observed significant predictive effects from the physical factor in 2001 to the social factor in 2004 as well as from the physical factor in 2001 to the mental factor in 2004. The physical effects seemed to be more strongly predictive of the social factor than the mental factor. The synchronous effect models also revealed that the physical factor in 2004 significantly predicted the social factor in 2004 among all gender and age groups ( Table 6 ). In particular, a bidirectional relationship between the physical and social factor was detected among the late-elderly male group. In the late-elderly female group, a mental effect on the physical factor was observed (β = 0.313, p < 0.001) (Figure 2) . The above physical effects on the social factor were deemed to be stronger in males than females. Otherwise, the causal effects of the mental factor on the social factor, and vice versa, were tenuous, regardless of their being statistically significant due to the large sample size (data not shown). 
DISCUSSION
The present study revealed that three-year-prior health related factors such as physical, mental and social health significantly predicted current corresponding health-related factors. In particular, as shown in the cross-lagged model as well as the synchronous model, the three-year prior and current physical health considerably affected subjects' social health across both genders. Such findings were likely stronger in elderly male individuals compared to females. The three-year prior and current physical health also possibly influenced the mental health factor. However, mutually causal relationships between social and mental factors may be minor, and these factors had little effect on the physical factor among the elderly participants in this study. In other words, the findings may indicate that the elderly are able to remain in an overall healthy state primarily based on their physical condition alone, which confers a high activity competence in daily life with a paucity of disease, or it may indicate that they maintain a heightened psychological well being and active connections with society on the basis of being in good physical condition. In this regard, our results were not surprising. It is granted that those whose physical condition is poor may be limited in any social interactions and may be prone to suffer from mental disorders. However, it is meaningful that our study verified the chronological relationship between the three health-related factors using a large sample size and longitudinal data. It is also interesting that there were only minor relationships between mental and social factors.
Previous studies revealed significant associations of physical health with mental and social health-related conditions among the elderly [21] [22] [23] [24] [25] . For example, Ratner et al. [26] indicated that physical health alone accounted for 55.1% of the variance in self-rated health status and that psychological and social determinants did not have a significant impact on self-rated health. However, it is difficult to compare our study with these reports since different definitions and diverse indices of the three health-related factors were used. Moreover, the results between studies could be inconsistent due to the use of different categories related to subject ages [27] , gender disparities [28] and racial differences [29] . Our study included only Japanese subjects and analyzed data divided by both gender and by commonly used age groupings, including an early-and a late-elderly group in order to account for such factors.
The strength of our study was the inclusion of a large sample size from the cohort survey tracked over six years, and the collection of data with a high response rate (80.2% in the 2001 survey, 64.9% in the 2004 survey), implying highly desirable coverage in such a population-based research study.
This study does suffer from some limitations. Although our analysis was performed to control for gender and age of the subjects, the models were not adjusted for other basic characteristics such as education and income. Neri et al. [30] reported that family income confounded the association between physical and psychological factors. Thus, we carried out the SEM analysis using stratified samples including only those with the lowest (less than a million yen) and the highest (7 million yen and over) annual income as well as the lowest (graduation from junior high school) and the highest (graduation from college) educational attainment. However, we observed results similar to those reported above, except for some models that were not fixed due to restricted sample size (data not shown). Owing to the high recruitment rate covering 80% of those potential eligible in the first survey, we presumed a relatively high internal validity for our reported results. Nevertheless, selection bias may exist in our survey, which may result in disputable external validity. Van Heuvelen et al. [31] addressed a volunteer bias in which physical functioning subscores (like BADL and IADL) are likely higher if the subjects are recruited from voluntary participants. In addition, we did not randomly chose the research setting which, as a result, had a lower elderly population rate and a considerably higher social status with higher income and greater educational attainment compared to the national average. Moreover, we conducted the selection of observed variables based on our previous studies [17, 18] , but the nine observed variables indicating the three health-related factors may not represent an exhaustive list of factors impacting health as defined by the WHO. In particular, it is necessary to further speculate on which social and mental determinants of health are important. The study also has a fundamental limitation in terms of a restriction to self-assessed measurements to examine the three healthrelated factors [32] .
In conclusion, our study suggests that the maintenance of physical health may be particularly crucial in impacting the mental and social health of elderly populations, both male and female. Further research is needed including the study of other, more wide-ranging measurement variables representing the three related aspects of health.
